Background Thoracic cerebrospinal fluid (CSF) hygroma is a rare and potentially devastating complication of the anterior thoracic approach to the spine. We present two cases in which this complication resulted in acute cranial nerve palsy and discuss the pathoanatomy and management options in this scenario. Case reports Two male patients presented to our department with neurological deterioration due to a giant herniated thoracic disc. The extruded disc fragment was noted preoperatively to be calcified in both patients. A durotomy was performed at primary disc prolapse resection in the first patient, whereas an incidental durotomy during the
CT scan of this level confirmed the disc to be calcified and probably adherent to, but not penetrating, the dura (Fig. 2) . He underwent a discectomy via a standard mini-thoracotomy approach [1] with excision of the ninth rib. A durotomy of diameter 1.5 9 2 cm was required for complete disc excision. This was repaired in layers using an adhesive Tachosil Ò in two layers. Tachosil Ò is a synthetic collagen mesh which is activated by moisture and can be used as a watertight matrix to occlude durotomies. It has an adherent side impregnated with fibrin, which binds to tissue. In this instance, the first layer was placed inside the dural tube and the second laid adhesive side down, over the fenestration, thereby ''sandwiching'' the dural border between the Tachosil layers. These layers were further reinforced with fibrin glue and gelfoam overlying the patch. No CSF leak was appreciated with intraoperative Valsalva manoeuvre. A chest drain was placed post-operatively. The patient had an unremarkable initial recovery. However, 3 weeks subsequent to discharge, the patient suffered a severe coughing fit and shortly after this experienced shortness of breath and double vision. The patient re-presented with respiratory failure and a Glasgow Coma Scale of 13, confused and drowsy. He complained of severe horizontal diplopia. A diagnosis of a sixth cranial nerve (abducens nerve) palsy was evident. MRI of the cranium revealed bilateral subdural effusion (Fig. 3) . A chest drain was inserted to relieve the intrathoracic compression secondary to the massive CSF hygroma, (the term hygroma refers to any fluid-filled structure and can be applied anywhere in the body). This was confirmed on an urgent MRI of whole spine and a chest CT scan (Fig. 4) . Upon insertion of the chest drain, approximately 300 ml of cerebrospinal fluid was expressed into the drainage receiver. This was at no time placed under suction to avoid worsening the intracranial hypotension by promoting further cerebrospinal fluid extravasation. The diagnosis was confirmed by detecting the presence of b2 transferrin in a sample of the fluid. Revision thoracotomy and dural repair were performed as described below. His abducens nerve palsy recovered completely in 3 months following the surgery.
Our second case was a 46-year-old male who presented with subjective weakness in both lower limbs associated with altered sensations of several months' duration. He had no objective neurological deficit, though his symptoms were gradually deteriorating. An MRI scan showed a giant herniated disc prolapse at T8/9 resulting in severe spinal cord compression (Fig. 5) . A CT scan confirmed calcification of the herniated disc (Fig. 6 ). This patient underwent a left-sided thoracotomy with a hemivertebrectomy of T8 due to the extensive nature of calcification. The calcified disc was adhered to the dura and its removal resulted in an incidental durotomy. This was repaired primarily with Tachosil Ò . No CSF leak was appreciated with intra-operative Valsalva manoeuvre. A chest drain was placed postoperatively. Few days following the surgery, he developed diplopia due to bilateral abducens nerve palsy along with occasional headaches. An urgent MRI scan of the spine confirmed the presence of a contained CSF hygroma (Fig. 7) . As his symptoms remained static, he was treated non-operatively with sequential radiological investigations to ensure that the CSF leak was not worsening. His bilateral abducens nerve palsy improved over a period of 5 months. He had a delayed T8/9 laminectomy to ensure that good posterior canal decompression was also achieved.
Introduction
Dural lesion subsequent to the anterior approach to the thoracic spine is a recognised complication and is often inevitable in the presence of a calcified disc fragment abutting the dura mater. A planned durotomy may be performed to achieve full resection. Several techniques for repair have been described, each in the context of difficult access and the inability to perform a primary repair. Subsequent massive thoracic cerebrospinal fluid (CSF) hygroma is a rare complication of the anterior thoracic approach to the spine. Its true incidence is unknown, but within the published literature to date less than 50 cases could be identified. The sequelae of a massive cerebrospinal fluid leakage are described and manifest with the symptoms of intracranial hypotension. These include diplopia, nausea, drowsiness, postural headache and photophobia. Latent complications include compressive pneumocephaly, bacterial meningitis and remote subdural haematoma.
Epidemiology, pathology and rationale for treatment
Symptomatic thoracic disc herniations are rare. The incidence is approximately one case per million per year [1] . Those requiring operative intervention represent an even smaller number. Of all operations performed for compressive discogenic pathologies, the thoracic region comprises only 1.8 % at most [1] [2] [3] [4] . Hott et al. suggested a classification of herniations occupying more than 40 % of the spinal canal to be regarded as 'giant' [5] . It is important to derive from pre-operative imaging the degree of calcification of the extruded fragment and hence its adherence to the dura or herniation through the dura. This information guides the surgical technique required to remove the disc and allows the surgeon to predict complications such as dural tear, avoid this and utilise a planned durotomy around the lesion. Both anterior and posterior surgical techniques have been described for the surgical management of thoracic disc herniations [1, [4] [5] [6] [7] . The anterior approach provides good visualisation and surgical access, but carries potential morbidity associated with thoracotomy. A mini-thoracotomy with microsurgical decompression may decrease the approach-related morbidity [1, 7] . Posterior laminectomy for thoracic discectomy has been associated with unsatisfactory results since first reported by Logue [8] . However, Borm et al. argue in a recent article that a tailored posterior approach based on the anatomic location and nature of the disc along with the general health of the patient can yield satisfactory results [6] . In a prospective cohort study of 167 cases, Quint et al. conclude that thoracoscopic discectomy provides satisfactory results and can be used in calcified discs as well [9] . Cho et al. recently described a minimally invasive oblique paraspinal approach using 3-D navigation and tubular retractors with the aid of a robotic holder [10] . They do not, however, recommend this approach for a sequestrated, calcified or hard disc herniation. Similarly, the posterior transdural approach may offer an alternative surgical option for selected patients with thoracic paracentral soft discs [11] . This approach, too, is not deemed suitable for giant and calcified discs which may require extensive manipulation [11, 12] .
The incidence of a massive subarachnoid-pleural fistula following anterior thoracic surgery has been described by Hentschel et al. in a series of 770 patients, with 2.8 % following anterior surgery and 0.23 % following a posterior approach [13] . This cohort represented patients in whom thoracic spine resections were undertaken for tumour pathology. No such series exist describing this complication in the post-operative group for benign discogenic disease. A review of the literature reveals 44 described cases of massive pleura-dural fistula. It can be observed that 77 % of these cases were caused by trauma of varying aetiologies and only two (4.5 %) of the cases were described as subsequent to post-operative thoracic disc resection [2, 9, [14] [15] [16] [17] . Recently, two cases of spontaneous thoracic CSF leakage in the presence of thoracic disc hernias were described [18] . It must be concluded that subarachnoid-pleural fistula subsequent to an anterior resection of thoracic disc is a very rare entity. Massive cerebrospinal fluid leakage and subsequent intracranial hypotension have several potentially fatal consequences. Common sequelae are pneumocephaly and synchronous central nervous system infection [13, 19] . A rare clinical finding in this instance is bruit hydroaerique, wherein the patient complains of a splashing sound upon rapid movement of the head [20] . Acute meningitic infection may be managed with antibiotic chemotherapy and by addressing the dural injury that allowed entry of the pathogen.
Rarely, intracranial hypotension can result in a cerebral subdural haematoma. The mechanism of this injury is postulated as downward cerebral displacement, subsequent to CSF loss and intracerebral hypotension. This results in tension and occlusion of the superior cerebellar bridging veins, which is thought to result in venous infarction and haemorrhage [21, 22] . A review of the literature reveals only five cases of confirmed remote subdural haemorrhage subsequent to spinal surgery [16] . Two of these were subsequent to thoracic spinal surgery, while the remainder were associated with lumbar surgery. This is a rare yet significant complication that carries a mortality in the traumatic setting of up to 66 % [23] .
Management of the subarachnoid-pleural fistula and subsequent thoracic CSF hygroma is dependent on the clinical presentation. The symptoms have been described above and when the diagnosis is suspected, effusive collections may be visualised primarily on a plain chest radiograph. It is then necessary to image the previous operative site. The decision must then be taken, based on the clinical findings, whether to reexplore the operative site or attempt managing the leakage with conservative means such as bed rest or divertive CSF drainage, usually distal to the fenestration. This may be augmented with repeated needle thoracocentesis and positive pressure ventilation via a noninvasive ventilator, which the patient uses at intervals during the day [24] [25] [26] [27] . Katz et al. describe an attempt at this technique which eventually controlled leakage and allowed healing. The case was complicated by infection and symptomatic pneumocephalus [28] . A decision to adopt this conservative approach is difficult, especially when local factors (i.e. the negative pressure environment of the thorax) which antagonise the CSF leakage are considered. The thoracic cavity is by definition a negative pressure environment and hence is likely to continue to exacerbate drainage down a pressure gradient through the dural injury site. This persistent process may prevent healing and closure of the dural fenestration. Hence, a primary drainage of the presenting CSF collection via chest drain, attached to an underwater seal receiver, is often advocated. This allows decompression of the CSF hygroma and allows re-expansion of the lung into the hemithorax (a vacuum drain is contraindicated in this instance). Insertion of a drain allows sampling of the fluid collection to be performed and the diagnosis of CSF hygroma, confirmed based on the presence of b2 transferrin in the aspirate. Drainage of the primary thoracic CSF hygroma must be performed under close supervision. The average volume of CSF within the cranial vault is 150 ml. The hemithoracic cavity can easily accommodate 500 ml of fluid in the presence of ongoing negative intrathoracic pressure. There is, therefore, potential for further extravasation of fluid if the fistula is not addressed. If a conservative treatment route is adopted, the patient needs to be monitored closely, both clinically and radiologically with a provision in place for an urgent intervention in the event of any worsening. The site of dural injury post-thoracic surgery is usually evident from the primary resection. In the first case, it originated from the formal durotomy we performed to enable resection of the extruded disc fragment. If the site of dural injury is occult, a CT myelography or radionuclide cisternography may be employed to locate the site of injury. Both have their disadvantages-the former is described with a high rate of false negatives and the latter, although more sensitive, lacks anatomical details which aid pre-operative planning [13, 29] . At re-exploration, the options for repair depend largely on the morphology of the dural injury involved. To achieve a direct repair, the described technique involves the use of synthetic collagen patches, which combined with layered fibrin glue, have been used to create a watertight seal [16] . These may be applied directly to the dura to achieve a repair of the defect. An indirect repair technique involves the purposeful formation of a contained pseudomeningocele over the defect, if local access to the dural edges is not possible for performing a repair. In this instance, the use of allo and autograft patches have been described, including allograft pleural membrane as an onlay technique over the limited anterior corpectomy [30] . This graft can then be stitched to the surrounding intact parietal pleura, creating the intentional controlled pseudomeningocele which alleviates the need to address the dural insufficiency directly. Other options include harvest of muscle [13] , omentum [28] , fat and fascia lata patches [30] , once again in combination with fibrin glue to plug over the primary resection site. In all of these situations, except in the instance of a dural injury around a nerve root, primary repair is not usually possible.
Cranial nerve palsy is sometimes seen associated with neurological compromise subsequent to intracranial hypotension [31] [32] [33] . This complication resulting from massive thoracic cerebrospinal fluid hygroma subsequent to spinal surgery is described only once previously in the literature [34] . In this case, the cranial nerve palsy resolved spontaneously. Among the cranial nerves associated with ophthalmolplegia, the sixth cranial nerve is the most frequently involved, either unilaterally or bilaterally [31, 32] with horizontal diplopia and blurred vision [31, 32, 35] . According to the review of Zada et al. in patients with cranial nerve manifestations resulting in ocular deficits secondary to intracranial hypotension, 83 % of patients had an abducens (6th) nerve palsy, 14 % had oculomotor (3rd) nerve palsy and 7 % had trochlear (4th) nerve paresis. Abducens nerve palsy due to intracranial hypotension is a benign condition and about 80 % of patients recover spontaneously. However, if symptoms continue for 8 months or more, the possibility of permanent damage increases [33] . Previously, the abducens nerve has been suggested to be susceptible to stretch by brain displacement or traction due to its long intracranial course. More recently, a specific mechanism for the development of abducens nerve damage has been postulated [32, 35] . Anatomically, this nerve exits the brain stem between the medulla oblongata and pons, rises upward along the clivus, crosses branches of the basilar artery and pierces the dura mater. Then, the nerve sharply bends over the ridge of the petrous apex of the temporal bone. The abducens nerve runs in the same vector as that adopted during typical caudal displacement of the brain in the presence of intracranial hypotension. As a result, the force of traction associated with changes in intracranial pressure is fully transmitted to the nerve. The nerve can be stretched by downward displacement of the pons and may also be compressed at the dura, petrous apex or basilar artery if the penetration aperture for the nerve in the dura or petrous apex is sharply edged, or if branches of the basilar artery are well developed. Although there was evidence of intracranial hypotension, interestingly brain stem shift was not seen in either of our patients.
Procedure
The first patient was subsequently transferred to the operating theatre and the previous operative wound site reexplored. No obvious leak was seen. The previous dural patch was revised with further application of collagen patch material and was sealed with fibrin glue. A watertight seal was confirmed on application of an intra-operative Valsalva manoeuvre. After reinflation of the lung using positive end expiratory pressure, applied via the ventilator, the wound was carefully closed in layers over a chest drain as before. An airtight seal was obtained as is routine in this procedure. Post-operatively, the patient was observed to gradually improve over a period of 72 h. During this time, his respiratory function was maintained with no artificial support and the chest drain was removed on post-operative day 3. He was discharged, fully ambulant to his own home on post-operative day 8. His abducens nerve palsy was noted to improve gradually over 3 months, as did his reported diplopia. Follow-up MRI revealed absence of spinal cord compression and hygroma (Fig. 8) . The second patient was treated non-operatively with due vigilance as his psudomeningocele was contained. He had gradual improvement of his diplopia in 5 months.
Outcome
The patient was followed up after discharge at regular intervals in the outpatient clinic. In the first patient, abducens nerve palsy was noted to have resolved fully at 3e months, whereas the second patient took 5 months for gradual improvement. The compressive neurological symptoms were also improved following the procedures to remove the calcified thoracic disc. 
No residual compression or hygroma

